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Abstract
The antimicrobial activity of chitosan is unstable and sensitive to many factors such as molecular weight. Recent investigations
showed that low molecular weight chitosan exhibited strong bactericidal activities compared to chitosan with high molecular
weight. Since chitosan degradation can be caused by the coordinating bond, we attempt to synthesize and characterize the
chitosan-Cu (II) complex, and thereafter study the coordinating bond effect on its antibacterial activity against Salmonella
enteritidis. Seven chitosan–copper complexes with different copper contents were prepared and characterized by FT-IR, UV-vis,
XRD and atomic absorption spectrophotometry (AAS). Results indicated that for chitosan-Cu (II) complexes with molar ratio
close to 1:1, the inhibition rate reached 100%. © 2009 Elsevier B.V. All rights reserved
© 2009 Elsevier B.V.
PACS: Type pacs here, separated by semicolons ;
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1. Introduction
The excessive use of antibacterial agents is causing a high impact on environment and all existing life mainly
human being health. There is a worldwide trend to explore new alternatives that control postharvest pathogenic
diseases, giving priority to methods that reduce disease incidence and avoid negative and side effects on human
health [1].
The chitosan, a polycationic biopolymer, is currently receiving a great deal of attention. It became a valuable
compound undoubtedly due to its appealing intrinsic physicochemical and biological properties, such as
biocompatibility, biodegradability and bioactivity, in addition to its lack of toxicity, its allergenicity and
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antimicrobial effects which make it a very attractive substance for diverse applications, to mention as a biomaterial
in pharmaceutical and medical fields [2].
The antimicrobial activity of chitosan is well known against a variety of bacteria and fungi due to its polycationic
nature. However, the antimicrobial activity of chitosan is unstable and sensitive to many factors such as molecular
weight, pH, and water solubility [3-5]. Recent investigations showed that low molecular weight chitosans with
average molecular weights in the range of 5–10 KDa exhibited strong bactericidal and superior biological activities
compared to chitosan with high molecular weight [6]. Accordingly, high molecular weight chitosans may be suitable
for incorporating other antipyrotic enhanced antimicrobial properties for the preparation of better and long-lasting
antibacterial agents [7].
The –OH and -NH2 groups on the skeleton of chitosan are good ligands to coordinate with transition metal ions to
get chitosan-metal complex. The uptake mechanisms of copper can be generally classified in two groups:
(a) the “bridge model” and (b) the “pendant model”. In the “bridge model”, metal ions are bound with several
amine groups from the same chain or from different chains, via inter- or intramolecular complexation, as opposed to
the “pendant model”, in which the metal ion is bound to an amine group in a pendant fashion [8, 9].
It have been pointed out that chitosan forms a unique complex with copper, whose structure is close to [Cu
NH2(OH)2] below pH 6.1. Considering the coordination sphere of copper, the fourth site can be occupied by either a
water molecule or the OH group in C-3 position. Copper bonds to three oxygen atoms and one nitrogen atom, with
square-planar or tetrahedral geometry. Differences in the sorption mechanisms and/or metal species adsorbed on the
polymer are observed when the experimental conditions are altered (pH, metal concentration, metal/ligand ratio) [8].
Cu2+ NH
O
HOCH2
OH
HO
O
NH2
CH2OH
(a) (b)
Fig. 1. Chitosan-copper complex structure:(a) the bridge fashion and (b) the pendant fashion.
Coordinating bond may weaken a bond near the coordinating site and causes some weak points on the chitosan
chain. Such chitosan degradation leads to a low molecular weight chitosan with uniform molecular weight
distribution [10].
Living organisms requires copper at low concentrations as cofactors for metalloproteins and enzymes; however at
high concentrations, Cu(II) induces an inhibition of growth in bacteria, and has a toxic effect on most
microorganisms. This effect may involve substitution of essential ions and blocking protein’s functional groups,
inactivation of enzymes, production of hydroperoxide free radicals by membrane bound copper, and alterations of
membrane integrity [11]. The incorporation of copper into high molecular weight chitosan by chelation mechanism,
may exhibit enhanced ability of antibacterial effect against Salmonella enteritidis, which will be very favorable to
chitosan-Cu(II) complexes applications in medical and food industries.
The present objective is to synthesize, characterize and investigate the antibacterial activities of chitosan-Cu(II)
complexes and to evaluate the coordinating bond -activity correlation.
2. Experimental
2.1. Materials
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Shrimp (aristeus antennatus) were freshly collected from Bouharoun harbour (Algeria) in April. They were
carefully husked, the abdominal portions aside (part A) and the residual waste (heads, antennae, etc.) aside (part B).
They were washed several times with tap water and air-dried for a week. The dried samples were then ground to a
powder with a domestic blender.
The nutrient broth and the microorganism tested, Salmonella Enteritidis, were provided by Pasteur institute of
Algiers in Algeria. The other reagents purchased were of analytical grade and were used without further purification.
2.2.Biopolymers and complexes preparation
2.2.1. Chitin extraction
Each part of shrimp shell was treated with 2.5 M NaOH (10 mL per gram of shrimp shell at room temperature for
8 h) and 1.7 M HCl (10 mL per gram of shrimp shell at room temperature for 8 h). The sample of each part was
dehydrated twice with methanol, and once with acetone, transferred to glass tray, and dried after being washed with
distilled water to neutral pH. The dried chitin was kept in a well-stopped polyethylene bottle for the chitosan
preparation.
2.2.2. Chitosan preparation
Chitosan was prepared by a slow addition of the dried chitin powder into a three-necked boiling flask containing
a solution of 50% (w/v) NaOH to obtain a ratio of solid to alkaline solution of 1:30 (w/v). The temperature of
reaction mixture was maintained at 107°C for 2 h. The chitosan product from each part was washed, dehydrated,
dried, weighted and stored as it was done for the chitin samples.
2.2.3. Chitosan deacetylation degree determination
The percentage of free amine groups in chitosan was determined by the FTIR spectroscopic method. Calculations
from the spectrum were performed according to the following formula [12]:
DD = 87.8 - [3(A1655/A3450)] (1)
were:
A1655 : is the amide I band occurring near the 1655 cm-1, and
A3450 : is the hydroxyl band occurring near the 3450 cm-1
2.2.4. Chitosan molecular weight determination
The viscosity average MW of chitosan was calculated from the classical Mark–Houwink relationship, [] = K.Ma
Where K = 1.81 x 10-3 mL/g and a = 0.93. The values of constants K and a have been determined in 0.1 M acetic
acid/0.2 M NaCl [13]. Relative viscosity was measured in triplicate using an Ubbelohde viscometer kept at constant-
temperature bath of 25 ± 0.1°C for chitosan solution concentrations of 0.04 x 10-3 g.mL-1, 0.03 x 10-3 g.mL-1, 0.02 x
10-3 g.mL-1 and 0.01 x 10-3 g.mL-1.
2.2.5. Chitosan-copper complexes formation
Chitosan-copper complexes were prepared by coprecipitation method at room temperature. 0.5 g chitosan was
dissolved in 30 mL of 1% HOAc solution for 20 h, and then filtered to remove insoluble material. 10 mL of Cu
(No3)2.3H2O aqueous solution, corresponding to a molar ratio, glucosamine:copper, of 1:1, 2:1, 3:1, 4:1, 1:2, 1:3,
and 1:4, was added dropwise with stirring for 3h. 0.1% Na
2
CO
3
aqueous solution was used to neutralize and
precipitate chitosan-metal complex.
2.3. Evaluation of antimicrobial activity in vitro
As in Muzzarelli et al. [14] work, two different methods were used to assess the antimicrobial activity of chitosan
and chitosan-copper complexes. The first method was a qualitative assay based on the evaluation of the inhibition
rate of each product. The second method was a quantitative assay based on the determination of the minimum
inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of each product.
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2.3.1. Qualitative assay
1% w/v chitosan and its copper complexes solution in hydrochloric acid (20 μl) or hydrochloric acid (20 μl) itself
was added to the mixture of the prepared bacterial suspension (20 μl) and the sterile broth medium, and incubated
with shaking at 37°C for 20 h. The turbidity of the resultant medium was measured at 620 nm using a BIBBY,
Anadéo RS232.UV–vis spectrophotometer.
The inhibitory effect of the products (chitosan and the complexes) was indicated by the inhibitory rate that was
calculated by the following equation proposed by Liu et al. [6].
The inhibitory rate %100
AA
AA
1
0HCllHC
0prpr
×
−
−
−= (2)
where
Apr the absorbance of the bacteria medium with the product after incubated,
Apr0 the absorbance of the bacteria medium with the product before incubated,
AHCl the absorbance of the bacteria medium with hydrochloric acid (HCl) after incubated, and AHCl0 the
absorbance of the bacteria medium with hydrochloric acid before incubated.
2.3.2. Quantitative assay
2.3.2.1. Determination of MIC
The minimum inhibitory concentration (MIC) of chitosan and its copper complexes was determined by
turbidimetric method [15].
2.3.2.2. Determination of MBC
The minimum bactericidal concentration (MBC), or the lowest concentration of chitosan or its copper complexes
that kills 99.9% of the S. enteritidis, was determined by assaying the live organisms in those tubes from the MIC
experiment that showed no growth [16].
2.4. Statistical analysis
Results were analyzed and expressed as mean±S.D. Analyses of variance (ANOVA) were carried out using SPSS
Version 12. 0. 1 software. The differences were considered significant at the level of p < 0.05.
3. Results and discussion
3.1. Analytical methods
FT-IR spectra (spectral region 4000–400 cm-1) of chitin, chitosan and chitosan-copper complexes samples in the
form of KBr tablets were recorded on SHIMADZU FT-IR spectrophotometer using the WIN-FIRST software. X-
rays diffraction patterns on powders were recorded using Model D-8 Advanced diffractometer (Bruker). UV-vis
spectra were recorded for samples solutions using hydrochloric acid as solvant using a VARIAN Cary Win UV
(scan application). The amount of copper bound to the polymer was directly determined by decomposing the
polymer–copper complex in concentrated nitric acid [17] and then measuring the concentration by AAS using a
PYE AM901 PHILIPS type spectrophotometer.
3.2. Biopolymers characterization
Analysis of the products obtained from the different parts of shrimp shells by FTIR showed that only the
abdominal parts contains chitin with a yield of 20.23%. Its conversion into chitosan has yielded 97.08%.
Calculations performed according to infrared technique, showed that the chitosan has a degree of deacetylation of
85.94%. The average molecular weight of chitosan is 385 KDa. Figure 2 shows the IR spectra of chitin and chitosan
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The frequencies of the IR absorption bands in the region from 3480 to 400 cm-1 were consistent with the
assignments for -chitin [18]. Powder chitosan exhibited a broad peak at 3446 cm-1, which is assigned to the N-H
and hydrogen bonded O-H stretch vibrational frequencies. The absence of sharp absorption around 3500 cm-1 in all
samples indicated the absence of free OH groups. Furthermore, in the C-H stretch region of the FTIR spectrum, the
higher intensity peak at 2882 cm-1 and the lower intensity peak at 2921 cm-1 are assigned to the symmetric and
asymmetric modes of CH2 group vibrations, respectively. In addition, the characteristic band due to CH2 scissoring,
which occurs at 1422 cm-1 was also present in the sample. Since the grade of chitosan prepared in the present study
was about 86% deacetylated, an amide band was present in the spectra and the C=O stretch of amide band was
observed at 1657 cm-1. The peaks at 1559 and 1626 cm-1 were assigned to N-H bending vibrations (N-H) of
secondary amide. This attribution was frequent in the litterature [19]. The band wich appears at 1076 cm-1
corresponds to the stretching of C-O bond of C3 (secondary OH). The band at 1027 cm-1 is produced by the C-O
stretching of C6 of chitosan (primary OH). The asymmetric stretching of C-O-C (COC ) appears at 1155 cm-1.
Fig. 2. FTIR spectra of a : chitin and b : chitosan.
The diffractogram of chitosan consist of two major peaks at 2 around 10° and 20°. This result is in agreement
with those of the literature [20].
Fig. 3. X- ray diffraction of a : chitosan and b : the complexe 1:1
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3.3. Chitosan-Cu(II) complexes characterization
The atomic absorption spectrometry (AAS) results presented in Table 1, show that the calculated chelate ratios of
the complexes increased with more Cu ions used in the reaction, although not all Cu ions are involved in
complexation.
Table 1. copper content, proposed and found molar ratios obtained from AAS data
Complex Molar ratio Copper(%) Molar ratio
Proposed found
1 1 : 1 15.15 0.4 :1
2 1 : 2 12.64 1 : 3
3 1 : 3 9.84 1 : 4
4 1 : 4 6.42 1 : 6
5 2 : 1 32.54 0.8 : 1
6 3 : 1 35.24 0.9 : 1
7 4 : 1 41.27 1 :1
All IR spectra of prepared complexes (Figure 4 and 5) are characterized by the appearance of peaks in the low-
frequency region (540–420 cm−1). Preliminarily, these peaks are ascribed to stretching vibrations of Cu–N and Cu–
O bonds. Peaks due to the bending vibrations N-H at 1559 cm-1 moved in all the complex IR spectrum at a range of
0~5.1 cm-1, indicating the involvement of the amino groups in the complex formation.
Three types of spectrum are observed indicating different chelation rate and structure formation. The main
characteristic of the FTIR spectrum of the complexes 5, 6, and 7, shown in figure 4, are the absence of the bands of
CH, CH2, CO of C3, COC, and OH of Hydrogen bonds, suggesting an effective coordination between chitosan and
copper ions via amine and hydroxyl functional groups. In addition, the absence of the asymmetric stretching band of
C-O-C indicates the depolymerisation of chitosan as a result of the coordinating bond with copper ions.
In the case of the other complexes, they differ in the shape and the intensity of the peaks in the region of 1500 to
1700 cm-1. However, there are some common points in their FTIR spectra, as shown in figure 5, which can be
resumed as follow:
(1) In the region of 3000 to 3700 cm-1 of the spectrum, chitosan exhibits a band corresponding to the stretching of
OH groups. This band is broad because of the hydrogen bonds. The OH band overlaps the stretching band of NH.
When chitosan interacts with metal ions, the band becomes unfolded. The stretching bands of O-H and N-H are
observed as two adjacent peaks revealing the influenced intra- and inter-molecular hydrogen bonding by the
coordinating bands formation.
Fig. 4. FTIR spectra of chitosan-Cu complexes; a: the complex 5; b: the complex 6; and c: the complex 7
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(2) The shifting and the loss in intensities of the band at 2882 cm-1 over the band at 2921 cm-1 are caused by the
environment change of protonated amino groups (–NH3+).
(3) The marked modification in the shape and intensity of CH2 stretching bands suggests a different arrangement
of primary hydroxyl groups and the modification in the environment of CH2OH.
Fig. 5. FTIR spectra of chitosan-Cu complexes; a: the complex 1; b: the complex 2; c: the complex 3; and d: the complex 4
Contrary of all the other complexes, the IR spectra of the complex 4 (Figure 5d) does not show any bands shift of
CH2, CH3, CO of C3, CO of C6, COC, and OH of Hydrogen bonds. This indicates that neither primary OH nor
secondary OH groups are involved in the coordination of copper ions. Additionally, the C-O-C ether bridge was not
affected by this interaction. This results suggest that the complex 4 is formed in the “pendant model”, in which the
metal ion is bound to an amine group in a pendant fashion. While all the other complexes were formed in the
“bridge model”, in which metal ions are bound with several chitosan functional groups (amine and hydroxyl), from
the same backbone or from different ones, via inter- and/or intra-molecular complexation [8].
The X-rays diffraction spectrum of chitosan-Cu complex is shown in Figure 3. Chitosan chelated with Cu (II)
shows more numerous and sharper X-rays diffraction bands than raw chitosan, revealing the formation of a new
crystalline phase [21].
UV spectra of each complex has an absorption at 215 nm, which could be attributed to the excitation of the
organic ligand (chitosan), induced by the presence of copper ions. These are typical n → π* and π → π* transitions
present in the UV-vis spectra of chitosan at 205 nm. The wide band at high wavelength is attributed to d-d electronic
transition as shown in figure 6.
Fig. 6. d-d electronic transition band of chitosan-Cu(II) complex
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3.4. Antibacterial activities
The antibacterial activity results from the complexes and neat chitosan are shown in Table 2.
Table 2. The antibacterial effect of chitosan and their copper complexes against S. Enteritidis
The inhibition rate (%) MIC (μg/mL) MBC (μg/mL)
Chitosan 46 330±01 500±0.00
Complex 1 85 20.8±0.9 30±0.00
Complex 2 77 41.6±0.6 60±0.00
Complex 3 77 52±0.2 83±0.1
Complex 4 56 125±0.00 333±0.1
Complex 5 100 5.2±0.1 13±0.3
Complex 6 100 3.25±0.1 7.81±0.00
Complex 7 100 3.25±0.1 7.81±0.00
It was found that the complexes showed clearly and effectively wide spectrum antibacterial activities against
Salmonella Enteritidis used in the test. Although, differences existed among different complexes molar ratios are
noticed. The possible mechanisms for antimicrobial activity of chitosan are:
(1) The chitosan on the surface of the cell can form a polymer membrane, which prevents nutrients from entering
the cell.
(2) Chitosan of lower molecular weight diffuses into the cell through pervasion. Since chitosan could adsorb the
electronegative substance in the cell and flocculate them, it disturbs the normal physiological activities of the
bacteria and kills them [22].
In our study, the chitosan tested is of a high molecular weight (385 KDa), so it reacts against S. Enteritidis
following the first mechanism. This chitosan has shown an inhibition rate of 46% with MIC and MBC values of
0.33 and 0.5 mg/mL, respectively.
Compared with chitosan, the complexes 1, 2, 3, and 4 had better antimicrobial activities. Whose MIC and MBC
values were lower than those of chitosan, and their inhibition rates were between 54 and 85%.
When chitosan chelated with Cu ions, the positive charge on the amino groups of chitosan was strengthened. As a
result, the complex was easier to interact efficiently with anionic components of cell surface following the same
mechanism as chitosan but with enhancement of adsorption ability, exhibiting thus higher inhibitory activities [21].
In the case of the complexes 5, 6, and 7, in addition to the strength of the positive charge, the degradation of the
polymeric chains and their crosslinking via copper ions make easy its direct access to the intracellular parts of the
cells and then killing the bacterial cells following the second mechanism shown above. These complexes have MIC
and MBC values lower than those of chitosan, and their inhibition rates reached 100%.
4. Conclusion
In this investigation, the relationship coordinating bond-antibacterial activity was evaluated. As a macromolecule
polymer, chitosan seems to be unable to pass the outer membrane of bacteria, since this membrane functions as an
efficient outer permeability barrier against macromolecules. Therefore, the coordinating bond between chitosan
functional groups and copper ions may weaken a bond near the coordinating site and cause some weak points on the
chitosan chain, which can cause the chitosan degradation. This fact associated with the intensification of the positive
charge by chelation of copper, lead to the ideal-inhibiting effects against S. Enteritidis. It can be observed that the
antibacterial activities of Chitosan-Cu (II) complexes are enhanced with increasing chelate ratios. Ideal-inhibiting
effects could be obtained when the chelate ratios of complexes were about 1:1. More works are needed to confirm
this conclusion.
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